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A bioscnsing meter (10) is en- 
abled to receive a sample strip (|8) 
tbai includes a sample well (20) 
With an anaJyte reactant therein and 
electrodes (24, 26) in coo tact there- 
withu The bioscnsing meter (10) 
includes an excitation supply (44) 
for sirpplying potentials to a sam- 
ple stnp electrode (24). A sense 

am Plifier (50) is also provided for 
cotmecttonto another electrode (26) 
ofan inserted sample strip (18) and 
P rodDCcs an output signal ind 
oyc of sensed currents when an ; 
aJyte containing fluid is present m 
«»e stop's sample well ApJuggabie 
^^key(30)is m sertoW7n) to 
the meter (10) and includes a pfural- 
*tj of stored parameter values and 
Procure routines that control op- 
crations of the meter. A iniaopro- 
c«sor (59) is responsive to a^o- 
cedure routine and parameter values 
accessed I from the pluggable men> 
<*7 key (30) to cause the excitation 
supply to apply a plurality of poten- 
tial for preset durations, both the 
values of the potentials and the time 
duration of their application are do- 
l fnnined from parameter values do 
nved from the inemory key; 
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BIOSENSING METER WITH PLUGGABLE MEMORY KEY 
FIELD OF THE THVPHTTA H 

S This invention relates to biosensing niters for detern,i t 
the presence of an analyte in a biological sa i ^ 
-re particularly, to a biosensing ' 
controlled by data accessed f roi8 a ^ ° Pe * ati °» is 
memory module. 9 Pluggable 

10 

e^oy dis P osabie ( s ::r; £~ ■ often 

"action ZO ne for receiving a ' : ^ " 

microprocessor/read only » e »orv (R L T Sa " Pl " * 
the operation of the biosenJT i co ^natio n controls 
to execute various ^ - enables it 
wading. „ OWever# if . to obta ^ * desired analyte 

Oeter^ine the analyte ae ^ ^°^^ t . „ se a to 
otherwise changed, and it is diiredT 6 "' - 
-Ploy the i Bproved procedur! ™° ^ '* 

generally the result. In dGS19n ° f is 

to customs are ^ '^^^ 
Procedure may merely reau . p . h GVen thou 9 h the improved 
cniP ^r another ^o^" - - meraory 

Prior art biosensing meters have eBml „ 
sensing and reflectance techni both current 

-vels in bIppd S a W pl e r~ne^ 
Nations W sainple » meters, 

accomodated through the provision " , Che, " 1Stries w -e 
chip that carried information r egardin 9 T 
«mple strips. In v s egardln * a specific batch of 

« Signed to the ^e^^ £ * ^ * - 
«>io Se „3i na ^ of the 9 ee as thas appii cation/ a 

* Pluggable, programmable non t^ ^ *" With 
P-tinent to the optica j! . C ° ntained *»*«tio» 
Ptxcal characteristics of a particular 
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batch of sample strip test chemistries. Such information 
enables the user to obtain an analyte reading without being 
required to mechanically insert calibration information 
(that had been previously provided with different packages 
5 of sample strips). That .calibration information includes 
a table or set of tables that convert a reading obtained 
from an optical sensor to an analyte concentration value. 
Keiser et al. enables such calibration information to be 
directly loaded from the ROM to the meter. 

10 

In U.S. Patent 4,975,647 to Downer et al., an analytical 
machine (e.g i# a chroroatograph) that employs consumable 
fluids is provided with a facility to receive a pluggable 
memory module. That memory module contains information 

15 concerning the timing of calibration operations, 
information identifying the fluids container, information 
identifying a class of analyzers with which the fluids 
container is usable, and information identifying the 
concentration of the fluids. Such information is then used 

20 to manage the frequency and times at which the instrument 
is calibrated and to further assure that a fluid pack is 
mated with an instrument that can properly utilize the 
fluids. In one example. Downer et al. describe a blood 
analyzer with a pluggable memory module that identifies the 

25 type of blood: analyzer with which the fluid pack is 
intended to be used; the manufacturing lot of the fluid 
pack? a serial number uniquely identifying the fluid pack; 
concentrations of an electrolyte solution in the fluid 
pack; calibration zone times; "slippage" variables and a 

30 conventional two byte cyclic redundancy check (CRC) word. 

The prior art includes further disclosures of biosensing 
instruments that employ disposable sample strips. In U.S. 
Patent 5,108,564 to Szuminsky et al., a biosensing 
35 instrument is disclosed that measures' glucose 
concentrations in blood. The instrument depends upon a 
reaction wherein glucose, in the presence of an enzyme, 
catalyzes a reaction of potassium f erricyanide to potassium 
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the reaction „ lth «d ca uses a revetsaJ 
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zose concentrations. In that instrument, current flow 
Mz> proportional to the concentration of an analyte in the 
test cell? however, when something is amiss in the test 
cell, the current that results may bear no relationship 
5 whatever to analyte concentration. White indicates that a 
relationship exists that enables a determination to be made 
whether current flow through a reaction zone is, in fact, 
following the Cottrell relationship. More specifically, 
the ratio of the square roots of succeeding sample times, 
10 for all analyte concentration curves, to inversely 
approximate the ratio of the measured Gottrell currents at 
those same sample times. If over succeeding time periods/ 
the ratios are equal (within limits) , the measurement 
system is properly following the Cottrell relationship. If 
15 the ratios found are not equal, the measurement is 
disregarded. 

U.S. Patent 4,94 0,945 to Littlejohn et al. describes an 
interface circuit for use in a biochemical sensing 
instrument.. A disposable cartridge is employed that 
includes a pair of electrodes across which resistance 
measurements are taken. Circuitry is disclosed for sensing 
the presence of a fluid sample by an initial resistance 
measurement, and also the level of fluid in the cartridge. 

U.S. Patent 4,420,564 to Tsuji et al. describes a blood 
sugar analyzer that employs a reaction cell having a fixed 
enzyme membrane sensor and a measuring electrode. The 
Tsuji et al. system includes several fail/safe procedures, 
one to determine that the reaction is taking place within 
specifically defined temperature limits and a second to 
determine that the reaction current remains within a 
predetermined range. 

35 While the above prior art indicates that it is known to 
employ pluggable read only .memories for insertion of data 
regarding characteristics of disposable sample strips 
(and/or fluid packs) , none addresses the problem of 
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enabling a biosensing meter to adaot t-« k 

revised test protocols ana pr^r^LT ^ 

redesign of the electron^ or Be "r. ^ 

5 nr^' ^ ^ ° bjeCt 0t thiS Mention to provide 
a biosensxng meter with a pl uggable * ^ de 

enables substantial reconfiguration of testTroceT 
parameters employed by the meter. and 

10 Mosl~J b ^ ° a f -Mention to provide a 

other pertinent test ™tes ^ **** "* 

inserted and/or altered ^ °* Bt *** *» 

It is yet another obiect of fh^ ' • 

.ithV^M. ~; n to provide ° 

data read from the V Y m * nory wne rein 

20 made as to whether +k I enab ^s a determination to be 

SUMMARY OF THR IWygWTION 

25 A biosensing meter is enabled to receive » 
that includes a sample well with 

therein and electrodes a " alyte reaCtant 

^sensing -TCL'-J^^^: 
supplying potentials to a sample « ' 

30 amplifier is also provided t * A 

electrode of an """^ f ° r connection to another 

roae of an inserted samole c-t->-^ 
output sianai i n *i P and Produces an 

Plurality of stored parameter values *r,« 
Procedure routines that control operations of th meteT 
A microprocessor is responsive to a nr-n, „ 

parameter values accessed f romtH T " r ° UUne ^ 
accessed from the pluggable memory key to 
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cause the excitation supply to apply a plurality of 
potentials for preset durations, both the values of the 
potentials and the time duration of their application 
determined from parameter values derived from the memory 
5 key. The microprocessor controls the sense amplifier to 
provide a plurality of signal outputs over a predetermined 
duration/ the sense amplifier being operated under control 
of specific parameter values derived from the pluggable 
memory key. Replacement of a pluggable memory key with a 
10 memory key containing alternative procedures and parameters 
enables the biosensing meter to carry out substantially 
modified test procedures without a requirement for 
modification of the structure of the meter. 

15 DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view of a biosensing meter 
incorporating the invention. 

20 Fig. 2 is a plan view of a pluggable read only memory key 
for controlling the operation of the biosensing meter shown 
in Fig. 1. 

Fig. 3 is a block diagram of circuitry contained within the 
25 biosensing meter shown in Fig. 1. 

Fig. 4 is a waveform diagram illustrating an excitation 
voltage applied to an excitation electrode of a sample 
strip used with the biosensing meter of Fig. 1, and a 
30 resulting sense current determined from a sense electrode 
on the sample strip. 

Fig. 5 is an expanded view of the sense current waveform 
that occurs when a drop of analyte is initially detected. 

35 * 

Fig. 6 is an expanded view of a plurality of measured 
currents detected during the measurement period, which 
currents follow an expected Cottrell relationship. 
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sta^ is TT graM ° f 3 Sen ^ amplifi - w*>se gain 
state ls controlled in accordance with data read Wk 

Pluggable read only meJn ory key shown in Pig. " 

Wg. 8 is a high level £ low diagram illustratina 
procedure for determining whether a pluggable 1 * • " 

-s heen changed during the ^ 0^^^ 

10 PETAILEn l ^ T ^fauauaftjHB l tnai 

Referring now to Fig. >, a biosensing aeter 10 includes 
display 12, control buttons 14 and a slot lfi , 

col::,::-;;™ 1 ;; r^ tha : r™ a 

fluid sM.pi. „ y be e „ placcd . 01spoSable J 

s „ op , at ^ ^ ihat ^ elebtrodes 

, . "Onerent to a supporting surface 34 

2e cZ r CO " laCtS V " M " " to 

»a«e contact vith leads 36 and 38 and a 

35 electrically shorted. "° " 0t beM " e 

fl.xable contacts internal to neter 10 .a.e connection with 
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leads 36 and 38 and enable a microprocessor within meter 10 
to access data stored in ROM chip 32. 

Referring to Fig. 3, a schematic is shown of circuitry 
5 within biosensing meter 10, and illustrates a disposable 
sample strip 18 inserted into slot 16. An excitation 
voltage source 44 provides a variable voltage to a contact 
46 that makes connection with electrode 24 on disposable 
sample strip 18. A contact 48 enables a potential 

10 appearing on electrode 26 to be fed to a sense amplifier 50 
. whose output, in turn, is fed to an analogrto-digital 
converter (A/D) 52. A temperature sensor 54 is positioned 
within meter 10 and also provides its output to an A/D 
converter 56. The outputs from A/D converters 52 and 56 

15 are applied to a bus 58 which provides communications 
between modules contained within biosensing meter 10. 

A microprocessor 59, with a display unit 12, provides 
overall control of the operation of biosensing meter 10 in 

20 combination with data read from ROM key 30. ROM key 30 is 
pluggable into biosensing meter 10 and contains non- 
volatile memory that includes constants and other data 
required to carry but analyte-determination procedures. In 
general, a ROM key 30 will accompany each batch of 

25 disposable sample strips 18 and will contain constants and 
procedure code that enable meter 10 to adjust its 
measurement parameters to match the specific batch 
characteristics of disposable sample strips 18. Further, 
ROM key 30 will also contain a large number of additional 

30 variable values that control the operation of 
microprocessor 59 in performing the actual analyte 
determination tests. Those variables will be discussed in 
detail below. 

35 Excitation voltage source 44 and sense amplifier 50 receive 
their commands from microprocessor 59 via bus 58 . 
Excitation voltage source 4 4 responds to those commands by 
applying various levels of excitation potential to 
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electrode 24 of sample strip 18 o 

controlled to haV e two di ff erenl' " ^ 

avoad a saturation condition upon an initi f ****** 
an excitation voltage to sa ^ ^^n o f 

As an example, it will 

containing, sample is ^ drop of"^! T * 

-j—t., 91ucose a ete £ p „ at 7 on bI ;v h " ls bei - 9 

«rip ft... glnoose determination,^ 1, 

the following stents: m 12.. 

-later, fllK ^ w - • 
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^»io , r rr 9 -^' «»••• 
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completion during J ^L ^T^ ^ '° 
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electrode 24 ih disposable sample strio „ . . ~ cit * t1 -' 
creation of a small current at . ' *** the 

"suits from a reverse reason T" eleCtr0de 26 th " 
-CX to potassium ferrlcy,'^ '~»"e 

e tlow of electrons 
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during the reverse reaction is sensed and measured at a 
number of points so as to enable a determination to be made 
that the reaction is both following a Cottrell curve and to 
further determine the level of the Cottrell curve. That 
5 level is indicative of the glucose concentration. The 
resultant glucose value, is thereafter corrected to take 
into account ambient temperature. 

As above indicated, the operation of a bioserising meter 10 
is substantially controlled by data contained iri ROM key 
30. ROM key 30 will contain a variety of data values that 
are critical to the proper operation of meter 10. Those 
values encompass measurement delay times, an incubation 
time, the number of measurements to be taken during a 
measurement period, various thresholds against which 
voltage levels are to be compared, values of excitation 
voltage levels to be applied to sample strip 18 during a 
test procedure, glucose value conversion factors, and a 
variety of failsafe test threshold values. '. In addition, 
ROM key 30 may contain either a portion of or the entire 
code listing that controls the procedures of meter 10 so 
that, by substitution of a new ROM key, test procedures 
performed by meter 10 can be altered accordingly. 

Because the amount of random access memory (RAM) contained 
within microprocessor 5,9 is limited, data from ROM key 30 
is loaded into RAM by microprocessor 59 only on jan as- 
needed basis, after which it is discarded, with new data 
taking its place. In the forthcoming description of the 
operation of meter 10, values accessed from ROM key 30 will 
be noted by a (key) immediately thereafter in the text. 

Turning to Figs. 3-6, the operation of meter 10 in 
determining a glucose value will be described. Initially, 
35 microprocessor 59 determines that a sample ' strip is 
properly inserted and that its excitation and sense 
electrodes 24 and 26 exhibit proper electrode continuities. 
This operation is described in detail in copending U.S. 
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Patent Application, Serial No 

White et al . , entitled •BiosensinT^^ °l 
Sample strips and check Strips fo r ^ 
Determinations-. filed on _ ^ 

5 d0tk6t 0?8.9 2 4 2 62.m, , The disclosure of ^ ite ^7 
Patent application . incorporated ' 

Microprocessor 59 next (before a drop of Wood i, , 

"ell 2„, , causes excitation vo lt . g e so'rce T4 t , iB 

»» excitation voltage level 62 (xey, (pT 4. t " " 

electrode 24. The i»in», V ' to excitation 

a eeasoreeent r ?£ZZZ*-* ^ ^ 
excitation electrode 24 a. sU^^T ^ 
leakage current (sensed by sense n » n n»- 

15 eicroprocessor via VD coU^erT, ^7 b^ " 

^aVr/tattb^' » - 

urop in resistance, (i .e £ < „ ""' ' *" Mediate 
20 betveen electrode; ;V:„ d 2 n: a !* in «« *-> 

»e resulting output fro. s.nsTa^Tfi.r ^"f 

as pulse 64 of S i,„ al trace M Jn 1 *" r B 5 n ° 

Of pulse 64 is snown i„ F1 ,. 5 *" WPM " M 

^..a-w.-c^VaTrrrrrr- 
30 co^t -of t r t io tr :r 

Threshold level fin • ,= « ( g - 4 >* 

adding „ computed by ».i coprocessor 59 by 

adding a drop detect threshold (key) to th„ , - . 
strip leakage. ° to «>e actual measured 

- »-P~ p a? ing through threshold 68 , a tiBe delay d 

1:1 ; e ~ ;„ at f the termination - — ■ -1 

-ay d enabL .he d^T V ^ ^ ^ ' ^ 

drop of blood to entirely wet the 
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enzyme layer. within well 20. If the voltage sensed at time 
70 is below a sample size threshold 72 (key) , the test is 
aborted as the volume of blood is determined to be 
insufficient to assure complete hydration of the enzymatic 
5 reactants within well 20. By contrast, if the current 
sensed at time 70 exceeds sample size threshold 72 (key), 
the test is permitted to continue. 

Next, microprocessor 59 causes the excitation voltage from 
10 excitation voltage source 44 to be removed. Trace 74 is 
the "incubation" time t 5 (key) and extends for a sufficient 
period of time to enable an enzymatic reaction to occur 
between a blood drop and the enzymes in well 20. 

At the termination of incubation time t 5 , a. further 
excitation voltage (trace 76, Fig. 4) (key), is applied to 
excitation electrode 24 causing a reverse reaction in well 
20. An exponentially decreasing current (trace 78 in Fig. 
4) is sensed at sense electrode 26 by sense amplifier 50. 

Fig. 6 is an enlarged showing of trace 78 (sense current is 
plotted against elapsed time) and illustrates the classic 
Cottrell relationship exhibited by current flow during the 
reverse reaction. Trace 78 is either displaced upwardly or 
downwardly in the plot of Fig. 66 depending upon glucose 
concentration. During the period of trace 78, 

microprocessor 59 causes a plurality of current measurement 
values to be sampled, each value taken a time interval k 
(key) apart. The total number of measurement intervals 
(e.g. fourteen) is a value also derived from ROM key 30. 

The sense current measurements enable a glucose 
determination to be made and are used to assure that trace 
78 is, in fact, following the Cottrell relationship. To 
35 assure that trace 78 is of the proper shape, a number of 
fail/safe determinations are made, based upon the current 
measurements (e.g., 82, 84, 86, 88 etc.). In each 
instance, threshold values (key) are employed to determine 
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application Serial No. H TOng U.S. wt ent 

indications-, t,,. dlsclosore of tbe - <f ^ 

application is incorporated herein by « C e ^ 

10 As shown in Pig. 6 , tourUe „ iBterval . h „. 

result fro, both » k.. " """■"■"Iti 

noth a measurement interval count- 
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10 neasurenent tine, .icropro^lr TUT * de, * y 
"Pen so that operationai anplifL 10 0 n n »* **■ 

a calibration curve defined by 
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values in ROM key 30 r and then performing a temperature 
compensation correction procedure (key) in accordance with 
a temperature estimation procedure (key) . 

5 During the course of a glucose test, it is important that 
meter 10 not provide an erroneous indication to the user as 
such could cause a misadministration of medicine. If the 
user were to insert a ROM key 30 prior to the initiation of 
a glucose te6t and, sometime during the test remove ROM key 
10 30 and insert another ROM key 30, erroneous results could 
occur. 

A procedure is shown in Fig. 8 for preventing such a switch 
of ROM keys. Data stored in ROM key 30 includes a cyclic 

15 redundancy check (CRC) checksum pertaining to all data 
stored therein. In the procedure shown in Pig. 8, after a 
power-on, meter 10 monitors whether a ROM key 30 has been 
inserted (decision box 110). If not, the monitoring 
continues. If yes, then all data is read from ROM key 30 

20 and a CRC checksum is calculated therefrom (box 112) , in 
the known manner. The calculated CRC checksum is then 
compared to a CRC value read from ROM key 30 and if the 
values are not identical , the test is aborted as there is 
an error in the data. If the values match , the CRC 

25 checksum is stored in RAM in microprocessor 59 and the test 
continues until a glucose value has been calculated (box 
118). At this point, all data is again read from ROM key 
30 and a CRC checksum is again calculated (box 120) . That 
calculated CRC checksum is then compared to a CRC value 

30 read from ROM key 30 and if the values are not the same, an 
abort occurs (decision box 122) . If an equality is found, 
then the most recently derived CRC checksum from ROM key 30 
is compared against the stored CRC checksum (decision box 
124) to determine if their values are equal. If yes, the 

35 glucose value is displayed. If no, the test aborts upon 
the assumption that ROM keys have been changed. 

It should be understood that the foregoing description is 
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^ai« tr : tiVe ° f ln4eBtl0n: VMi - »"-*ives 
and modifications can be devised by those skilled in th. 
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Present invention is intended tn ^"W* the.- 
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CLAIMS 

What is claimed is: 

1, A biosensing meter for receiving a sample strip 
that includes a sample well with an analyte reactant 
therein, said biosensing meter comprising: 

sense means for outputting signals indicative of 
manifestations of a reaction in said sample well 
between an analyte-containing fluid and said analyte 
reactant; 

pluggable memory key means for insertion into an 
electrical receptacle in said meter, said pluggable 
memory key means including a plurality of stored 
parameter values and procedure routine specifications 
that are employed in controlling operations of said 
meter during execution of an algorithm that enables 
determination of an analyte concentration value? and 

processor means coupled to said memory key means and 
responsive to parameter values and procedure routine 
specifications accessed from said pluggable memory key 
means, to calculate from signal outputs from said 
sense means, using said algorithm, a concentration 
value of an analyte in said analyte-containing fluid 
in said sample well. 

2.m The biosensing meter as recited in claim 1 wherein 
said pluggable key means further includes a procedure 
routine that, when executed by said processor means, 
enables execution of said algorithm* 

* 3. The biosensing meter as recited in claim* 1 wherein 
said pluggable key means further includes time values that 
said processor means accesses and uses to control 
operations of said sense means. 
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4. The biosensing roeter as recited i„ , • 
said analyte i s either glucose or 1 , " 1 

a»al y te containing «uid L ' ^ 

5 * The bl °sen S ing meter as recited .« , • 
said pluggable Xey means stores Cla « * wherein 

value (CRC); "s a cyclic redundancy check 

said processor means perform 

calculate a ^ va ™ ^ *-T 

saio calclatea cnc vaiue vi« a CRC vl7' C °" Pari " 9 

-V -ana to aerer-i' " fr ° m 

therebetween ana 1£ sucll - 
"oring sald CTC ¥a . ""ty «. astabUsbea, 

Proceed. and at . co„ cl ua "„ lr s .i7 naIyt<! tCSt t0 
detaining i£ sald ^ ™ ° f « * ""W. teat. 

v,»ue rMd f „. said zzix^r 1 to a ~ 

conclusion. v h „ eby lt is 9 ass aL " t Sald 
procedure, occurred during a test 

«. A biosensing meter for receivi nn 
that includes , e „ilr ' ° Sa * P1 ' Stri " 

therein and electrodes in t ""^ 
"oaensing »e ter "-erewitb. said 

«P^e strap mto said meter; 
i»to said , et „ °' S "" "-da atrip 

sign,! inaioat - r.'isrr^ outpot 
;::;:„r:„" ha v n a — 

present in said sample well; 
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pluggable memory key means for insertion into an 
electrical receptacle in said meter, said 
pluggable memory key means including a plurality 
of stored parameter values for controlling 
operations of said meter; and 

processor means coupled to said excitation 
supply means, sense amplifier means and memory 
key means and responsive to parameter values 
accessed from said pluggable memory key means, 
to cause said excitation supply means to apply a 
plurality of voltages to said first electrode, 
each said voltage having a potential and being 
applied for a duration that is determined by 
said processor means from parameter values 
accessed from said pluggable memory key means, 
and to further control said sense amplifier 
means to provide a plurality of signal outputs 
over a predetermined duration and to further 
calculate from said signal outputs a value 
equivalent to a concentration of an analyte in 
said analyte-containing fluid in said sample 
well, all in conformance with parameter values 
accessed from said memory key means. 

7 . The biosensing meter as recited in claim 6 
wherein said analyte is glucose and said analyte containing, 
fluid is blood. 

8. A biosensing meter as recited in claim 6 wherein 
said analyte is cholesterol and said analyte-containing 
fluid is blood. 

9. The biosensing meter as recited in claim 6 
wherein said pluggable memory key means further stores 
procedure routines for further controlling operations of 
said meter, said procedure routines employed by said 
processor means in determining analyte concentration. 
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I0 - A biosensing meter for receiv.™ 

strip that lnqludes excitation an d sense eie /V SamPle 
sample well brldg , ng t h erea c J ^ 5 * 
including an analyte . reactant, sa'id M ^ 
comprising: biosensing meter 

excitation supply means for appi ying potentlal 
to an excitation electrode upon insertion , 
-mple strip into said meter; Seitl ° n ° f 3 

sense amplifier means for connection to a sense 

aid meter, and for producing an output signal 
,n native of a current at said se„se^ ect ^ 
When an analyte containing fi uid is present * 
said sample well; 

electrical receptacle in said aeter a,!* „ 
**'r«" • Pleranty « !ZI 

parser varee, ror control!^ operaUoTo 
said roeter; and 

s^rr means coupied 

supply means, sense amplifier means and memory 
key means, for causing said excitation suppl^ 
to apply to said excitation electrode 
first and second excitation potentials for first 
and second periods, respectively separated by an 
incubation period, and for further causing sa^d 
sense amplifier ineans , during said second 
period to provide a number of signal outputs ' 
indicative of sensed currents, values of said 
first and second excitation potentials and the 
number of signal outputs from said sense 
amplxfier means controlled by parameter values 
accessed from said memory key means. 
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11* The biosensing meter as recited in claim 10 
wherein said pluggable memory key means further includes 
threshold voltage values for enabling said processor means 
to determine that a sufficient amount of analyte containing 
fluid is present in said sample well and that a leakage 
current between said excitation electrode and sense 
electrode does not exceed a preset value/ 

12. The biosensing meter as recited in claim 11 
wherein said pluggable key means further includes an 
elapsed time value that said processor means accesses and 
employs to control a duration of said incubation period* 

13. The biosensing meter as recited in claim 12 
wherein said analyte is either glucose or cholesterol and 
said analyte-containing fluid is blood. 

14. .The biosensing meter as recited in claim 13 
wherein said pluggable memory key means further stores 
procedure routines for further controlling operations of 
said meter, said procedure routines employed by said 
processor means in determining analyte concentration. 

15. A biosensing meter for determining a 
concentration of an analyte in a biological sample, said 
meter adapted to connect to a disposable sample strip that 
includes said biological sample in contact with an analyte 
reactant resident on said sample strip, said meter 
controllable to perform a plurality of tests, said meter 
comprising: 

memory key means pluggably inserted into an 
electrical receptacle in said meter, said memory 
key means storing a plurality of parameters for 
controlling said tests and further storing a 
cyclic Redundancy Check (CRC) value; 

processor means including read/write memory for 
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controlling operation of said meter ^ 
conjunction with parameters received from a said 
memory key means, said processor neans 
performing an initial test including reading out 
data from a said memory key means, calculatinc, a 
CRC value therefor, comparing said calculated 
CRC value with a CRC value read from said key to 
determine an identity therebetween and if such 
identity as established, storing said CRC value 
and enabling an analyte test. to proceed, and at 
a conclusion of said analyte test, determining 
if said stored CRC value is equal to a CRC value 
read from said memory key means at said 
conclusion, whereby it is assured that a switch 
of memory key means has not occurred during a 
test procedure. 



16. 



The biosensing meter as recited in claim 15 

analyte test, performs said initial test to assure that a 
CRC val calculated from ^ froM said . 

memo , "~* ^ ' CRC ^ " ad **- 

value WeanS ' " Wel1 ^ MatChing Sald St °- d CRC 

thM- " \ ^ M0Sensing * eter ^r receiving a sample strip 
that includes excitation and sense electrodes and a sample 
wel bradgang thereacross, said sample well including an 
analyte reactant, said biosensing meter comprising: 

excitation supply means for applying potential 
to an excitation electrode to an inserted sample 
strip; 

sense amplifier means for connection to a sense 
electrode upon insertion of a sa id sample strip 
into said meter, an d for producing an output 
signal indicative of a current at said sense 
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electrode when an analyte containing fluid is 
present in said sample well; 

feedback means for controlling gain of said 
sense amplifier means; 

pluggable memory key means for insertion into an 
electrical receptacle in said meter, said memory 
key means including a plurality of stored 
parameter values for controlling operations of 
said meter; and 

processor means coupled to said excitation 
supply means, sense amplifier means, feedback 
arid memory key means, for causing said 
excitation supply means to apply to said 
excitation electrode first and second excitation 
potentials for first and second periods, 
respectively separated by an incubation period, 
and for causing said sense amplifier means to 
produce over N intervals, output values 
indicative of sensed currents during said second 
period, and for causing said feedback means to 
alter gain of said sense amplifier means from a 
low level to a higher level only after passage 
of a preset number of said N intervals, the 
value of N and said preset number desired from 
values read from said memory key means. 
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AMENDED CLAIMS 

[received by the International Bureau on 08 November 1994 fna n qa\. 
ongmal claims 3,4,7,8,13 cancelled; original C ]S2 1.6JM4 aSa- 
remaining claims unchanged (7 pages)] a ">enoea, 



1. A bibsensing meter for receiving a sample strip 
that xncludes a sample well with an analyte reactant 
therein, said biosensing meter comprising: 

sense means for outputting signals indicative of 
manifestations of a reaction in said sample well 
between an analyte-containing fluid and said analyte 
reactant; 

pluggable memory key means for insertion into an 
electrical receptacle in said meter, said pluggable 
memory key aeans including a plurality of stored 
parameter values and procedure routine specifications 
that are employed in controlling execution of an 
algorithm performed by said meter that enables 
determination of an analyte concentration value, said 
procedure routine specifications including stored 
values from which time values can be determined for 
controlling said sense means during execution of said 
algorithm; and 

processor means coupled to said memory key means and 
responsive to parameter values and procedure routine 
specifications accessed from said pluggable memory key 
means, for controlling operation of said sense means 
an accordance with said algorithm and for calculating 
from signal outputs from said sense means a 
concentration value of an analyte in said analyte- 
containing fluid in said sample well. 

2. The biosensing »eter as recited in claim 1 wherein 
sa ld pluggable key means further includes a procedure 
routane that, when executed by said processor means 
enables execution of said algorithm. 
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3. The biosensing meter as recited in claim 1 wherein 
said pluggable key means stores a cyclic redundancy check 
value (CRC) ; 

said processor means performing an initial test 
• including reading out data from a said pluggable key 

means , calculating a CRC value therefor/ comparing 
said calculated CRC value with a CR value read from 
said pluggable key means to determine an identity 
therebetween and if such identity is established, 
storing said CRC value and enabling an analyte test to 
proceed, and at a conclusion of said analyte test, 
determining if said stored CRC value is equal to a CRC 
value read from said pluggable key means at said 
conclusion, whereby it is assured that a switch of 
memory key means has not occurred during a test 
procedure. 

4. A biosensing meter for receiving a sample strip 
that includes a sample well with an analyte reactant 
therein and electrodes in contact therewith, said 
biosensing meter comprising: 

excitation supply means for applying potentials to a 
first electrode on said sample strip upon insertion of 
said sample strip into said meter? 

sense amplifier means for connection to a second 
electrode upon insertion of said sample strip into 
said meter, and for producing an output signal 
indicative of a current at said second electrode when 
an analyte containing fluid is present in said sample 
well; 

pluggable memory key means for insertion into an 
electrical receptacle in said meter, said pluggable 
memory key means including a plurality of stored 
parameter values for controlling operations of said 
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meter; and 



processor means coupled to said excitation supply 
»eans sense amplifier means and memory key means, and 
wherein the processor means is responsive to parameter 
values accessed fro* said pluggable memory key means 
to cause said excitation supply means to apply a 
Plurality of voltages to said first electrode each 
said voltage having a potential and being applied for 
a duration that is determined by said processor means 
from parameter values accessed from said pluggable 
memory Key means, and to further control said sense 
amplifier means to provide a plurality of signal 
outputs over a predetermined duration and to further 
calculate from said signal outputs a value eguivalent 
to a c htrat . oft of an anaiyte V sa . d ^ 

containing fluid in said sample well, ali in 
conformance with parameter value, accessed from said 
memory key means. 

said Lar^ ieSenSing Beter 36 " Cited i^l"- 4 wherein 
said pluggable memory key means further stores procedure 
routines for further controlling operations of said meter 
saad procedure routines employed by said processor means in 
determining anaiyte concentration. 

that in ^ iOSenSin9 ^ t6r ■?«* — iving a sample strip 
that includes excitation and sense electrodes and a sampl! 

llvte *"* ***** 

anaiyte reactant, said biosensing meter comprising: 

excitation supply means for applying potential 
to an excitation electrode upon insertion of a 
sample strip into said meter; 

sense amplifier means for connection to a sense 
electrode upon insertion of a sample strip into 
saad meter, and for producing an output signal 
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indicative of a current at said sense electrode 
when an analyte containing fluid is present in 
said sample well; 

pluggable memory key means for insertion into an 
electrical receptacle in said meter, said memory 
key means including a plurality of stored 
parameter values for controlling operations of 
said meter; and! 

. processor means coupled to said excitation 
supply means, sense amplifier means and memory 
key means, for causing said excitation supply 
means to apply to said excitation electrode 
first and second excitation potentials for first 
and second periods, respectively separated by an 
incubation period ■, and for further causing said 
sense amplifier means, during said second 
period, to provide a number of signal outputs 
indicative of sensed currents, values of said 
first and second excitation potentials and the 
number of signal outputs from said sense 
amplifier means controlled by parameter values 
accessed from said memory key means, 

7. The biosensing meter as recited in claim 6 wherein 
said pluggable memory key means further includes threshold 
voltage values for enabling said processor means to 
determine that an amount of analyte containing fluid is 
present in said sample well and that a leakage current 
between said excitation electrode and sense electrode does 
not exceed a preset value. 

8. The biosensing meter as recited in claim 7 wherein 
said pluggable key means further includes an elapsed time 
value *that said processor means accesses and employs to 
control a duration of said incubation period. 
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9 . (Amended) The biosensing meter as recited in claim 
7 wherein said pluggable memory key means further stores 
procedure routines for further controlling operations of 
saad meter, said procedure routines employed by said 
processor means in determining analyte concentration. 

10. A biosensing meter for determining a concentration 
of an analyte in a biological sample, said meter adapted to 
connect to a disposable sample strip that includes said 
bxological sample in contact With an analyte reactant 
resident on said sample strip, said meter controllable to 
perform a plurality of tests, said meter comprising: 

memory key means pluggably inserted into an electrical 
receptacle in said meter, said memory key means 
storing a plurality of parameters for controlling said 
tests and further storing a Cyclic Redundancy check 
(CRC) value; 

processor means including read/write memory for 
controlling operation of said meter in conjunction 
wxrh parameters receiving from a said memory key 
means, said processor means performing an initial test 
including reading out data frpm a said memory key 
■miw, calculating a CRC value therefor, comparing 
said calculated CRC value with a CRC value read from 
said key to determine an identity therebetween and if 
such identity is established, storing said CRC value 
and enabling an analyte test to proceed, and at a 
conclusion of said analyte test, determining if said 
stored CRC value is equal to a CRC value read from 
said memory key means at said conclusion, whereby it 
is assured that a switch of memory key means has not 
occurred during a test procedure. 

11. The biosensing meter as recited in claim 10 
wherein said processor means, at the conclusion of an 
analyte test, performs said initial test to assure that a 
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CRC value calculated from data read from said memory key 
means at such time matches a CRC value read from said 
memory key means, as well as matching said stored CRC 
value. 

12. A biosensing meter for receiving a sample strip 
that includes excitation and sense electrodes and a sample 
well bridging thereacross, said sample well including an 
analyte reactant, said biosensing meter comprising: 

excitation supply means for applying potential to an 
excitation electrode to an inserted sample strip; 

sense amplifier means for connection to a sense 
electrode upon insertion of a said sample strip into 
said meter/ and for producing an output signal 
indicative of a/ current at said sense electrode when 
an analyte containing fluid is present in said sample 
well; 

feedback means for controlling gain of said sense 
amplifier means? 

pluggable memory key means for insertion into an 
electrical receptacle in said meter, said memory key 
means including a plurality of stored parameter values 
for controlling operations of said meter; and 

processor means coupled to said excitation supply 
means, sense amplifier means, feedback and memory key 
means, for causing said excitation supply means to 
apply to said excitation electrode first and second 
excitation potentials for first and second periods, 
respectively separated by an incubation period, and 
for causing said sense amplifier means to produce over 
N intervals, output values indicative of sensed 
currents during said second period, and for causing 
said feedback means to alter gain of said sense 
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amplifier means from a low level to a higher level 
only after passage of a preset number of said N 
intervals, the value of N and said preset number 
desired from values read from said memory key means 



WO 94/29703 



1/6 



PCI7US94/05318 



FIG. I, 




WO 94/29703 



2/6 



PCT/US94/05318 



44 



EXCITATION 

VOLTAGE 

SOURCE 

T 




58^ 



TEMP 
SENSOR 






X 







59 



MICROPROCESSOR 
RAM 



.12. 



DISPLAY 




ROM 




KEY 



30 



FIG. 3 



26- 
48" 



I 



104 

I — wv- 
100/1 



I 



4.7 K i\ 
inn 



REF V 



! — 50 



FIG. 7 



WO 94/29703 



PCT/US94/05318 




WO 94/29703 



6/6 



PCTAJS94/053I8 




112 



READ ALL DATA FROM ROM KEY AND 
CALCULATE CRC CHECKSUM 



1 




ABORT 



PROCEED WITH TEST UNTIL 
GLUCOSE VALUE CALCULATED 



r 



READ ALL DATA FROM ROM KEY AND 
CALCULATE CRC CHECKSUM 



rl20 



-122 

"CRC^ 
'CHECKSUM = 
CRC VALUE FROM\ no 
ROM KEY 
? 



•ABORT 



DISPLAY 

GLUCOSE 

VALUE 



YES 



YES 

CRC 
VALUE FRONT 
KEY = STORED 
CRC VALUE 
? 



124 



ABORT 



FIG. 8 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US94/05318 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC15) : COIN 27/26 

USCL : 204/403, 406, 407; 435/817 
According to mternattonal Patent Classification (IPC) or to both national classification and IPC 



FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 204/403, 406, 407; 435/817 



Documentation searched other than minimum documentation to the extent thai such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



X 

Y 
Y 



US,A 5,053/199 (Keiser et al) 01 October 1991 see coL 1, 
lines 26-30, 59-63; col. 2, lines 9-21 39-68; col. 3, lines 40- 
44; coL 5, liens 51-68 and cok 7, lines 1-5 

US, A 4,999,582 (Parks et al) 12 March 1991 see. col. 2. 
lines 35- col. 3, line 12 and abstract 



1-5, 15, 16 
6-14, 17 
6-14, 17 



PI Either documents are listed in the continuation of Box C: Sec patent family annex. 


Special categoric* of cited document.: -7- b^dontmr^pidJimed after (be nlrrBstkmt Tifinf 6^ or priority 

•A" dpatntctndcr™,.^ . S^^SKS^ffJ^^^ touMemnndthe 
to 1* of partial rtlnmoce pnncipte or theory imdoh/mr the .avrnooo 

T earlier document puMUbed 00 or after the international filing dale X ' document of particular nJcvancr; ihc cbimcd invention cannot be 

- conwdcred novel or cannot be conaio'crcd to tnvoNe an orrcntrvc »tep 
"V document which may throw doubtk on priority churo(e> or which i* *»» document » taken alone 
cited to e-tabKah the pubKcnlion dale of another citation or other 

rpcctal rcaaontaa apecified) "Y" document of particuW relevance; the daimcd invention cannot be 
.„ ' . " considered to involve an inventive *rp vben the document 0 
W document referring to an oral dntloaorc. oat. exhibition or other combined with one or more other each document*, aocb combination 
mc * aa being obvious to a peraoo akilfcd in the art 

^ arpX^^^ to ^^^ r ^ , ^^ bte ' 1 ^ ** doeun^rnemheroftheaam^ 


Date of the actual completion of the international search 
06 SEPTEMBER 1994 


Date of mailing of the international search report 

2 3 SEP 1994 j 


N8mc and mailing address of the ISA/US 
Commissioner of Patents and Trademarks 
Box PCT 

Washington. D.C. 20231 
Facsimile No. (703) 305-3230 / 


^^OHN NIEBLING 
Telephone No. (703) 305-0661 



Form PCT/ISA/210 (second shect)(July 1992)* 



